Abstract. Long non-coding RNA (lncRNA) prostate cancer-associated transcript 1 (PCAT-1) is a long non-coding RNA involved in the development of various cancer types. Tongue squamous cell carcinoma (TSCC) is the most frequently diagnosed type of oral cancer worldwide. The present study aimed to explore the role of lncRNA PCAT-1 in TSCC, and to provide a preliminary assessment of the downstream pathways involved. The expression levels of lncRNA PCAT-1 in TSCC specimens were first assessed. Subsequently, lncRNA PCAT-1 was knocked down in TSCC cell lines and the resulting effect on the proliferation and apoptosis, as well as the metastatic and invasive potential of TSCC cells was investigated. To assess the downstream signaling resulting from lncRNA PCAT-1 inhibition, the expression of p21 was also detected. The results indicated that lncRNA PCAT-1 was upregulated in clinical TSCC compared with peri-tumor tissues. Inhibition of lncRNA PCAT-1 resulted in reduced proliferation and apoptosis of TSCC cells, in addition to the suppression of migration and invasion. Furthermore, the expression of p21 was induced following lncRNA PCAT-1 inhibition. Collectively, the present study demonstrated an oncogenic role for lncRNA PCAT-1 in TSCC; inhibition of lncRNA PCAT-1 reduced the growth, metastasis and invasion of TSCC, at least in part via the induction of p21 signaling.
Introduction
In recent decades, non-coding RNAs (ncRNAs) were assumed to be transcripts of junk DNA that had no involvement in biological processes. However, in emerging studies focusing on the functions of ncRNAs, they were revealed to be important regulators of multiple pathways. ncRNAs were also revealed to be involved in the regular development of organisms, in addition to the progression of various diseases (1, 2) . Furthermore, the development and progression of high-throughput genomic technologies have allowed scientists to analyze complex cellular transcriptomes, leading to the discovery of a myriad of novel ncRNAs (3, 4) . A significant class of ncRNAs is the long ncRNAs (lncRNAs), which are defined as transcripts of >200 nucleotides with no protein-coding potential (5) . The regulatory roles of lncRNAs have been demonstrated in a large number of distinct biological processes (6) (7) (8) , and multiple lncRNAs have proven their potential as therapeutic candidates in cancer (9) (10) (11) . Given that cancer is largely caused by genetic alterations distributed in non-coding regions of the genome, the roles of lncRNAs in the progression of cancer have been increasingly emphasized in the last few decades (12) (13) (14) .
lncRNA prostate cancer (PCa)-associated transcript 1 (PCAT-1) has been reported as an oncogenic factor in PCa (15, 16) . Upregulation of lncRNA PCAT-1 promoted the proliferation of PCa cells and was associated with poor prognosis in patients with PCa (17) . Regarding its role in other cancer types, the upregulation of lncRNA PCAT-1 was also indicated in esophageal squamous carcinoma (18) . Additionally, in a study by Qiao et al (19) , the inhibition of lncRNA PCAT-1 suppressed the multidrug resistance and aggressiveness of colorectal cancer cells.
In spite of the widely accepted oncogenic role of lncRNA PCAT-1, the underlying mechanisms of this role remain to be fully elucidated. A comprehensive investigation of the downstream signaling of lncRNA PCAT-1 in different cancer types and stages may lead to the development of lncRNA PCAT-1-based anti-tumor therapies. Huang et al (20) reported Knockdown of long non-coding RNA prostate cancer-associated transcript 1 inhibits the proliferation and metastasis of tongue squamous cell carcinoma cells by upregulating p21 that lncRNA PCAT-1 acted as an oncogene in osteosarcoma by reducing p21 levels; given that p21 is involved in the anti-tumor effects of multiple agents (20) (21) (22) , lncRNA PCAT-1 inhibition may represent a potential treatment strategy by restoring the levels of p21 in numerous cancer types.
Tongue squamous cell carcinoma (TSCC) is the most prevalent malignancy of the oral cavity, accounting for ~30% of all oral cancer cases worldwide (23) . TSCC is a rapid-growth tumor type with a high risk of regional and distant metastasis (24) , thus, early prediction and diagnosis are key to the successful management of TSCC (24) . According to a study by Gao et al (25) , multiple lncRNAs, including lnc-PPP2R4-5, SPRR2D-1, MAN1A2-1 and FAM46A-1 are dysregulated in TSCC, indicating a close interaction between lncRNAs and the oncogenesis of tongue cells. Regarding the role of lncRNA PCAT-1 in the onset and progression of TSCC, initial clinical investigations in the present study identified the upregulation of lncRNA PCAT-1 in TSCC tissues. It was therefore hypothesized that the inhibition of lncRNA PCAT-1 may impair the proliferation and metastasis of TSCC associated with 21 upregulation.
To verify this hypothesis, lncRNA PCAT-1 was knocked down in TSCC cell lines and the subsequent effects on the proliferation, apoptosis, motility and p12 were assessed. The results indicated that depletion of lncRNA PCAT-1 impaired the growth, increased the apoptotic rate and reduced the metastatic and invasive potential of TSCC cells, accompanied by an increase in the expression levels of p21.
Materials and methods

TSCC specimen collection.
A total of 23 pairs of TSCC and corresponding peri-tumor samples were obtained from volunteers at the People's Hospital of Tongliang District Chongqing City (Chongqing, China) between January and December 2015. The cohort included 14 males (60.9%) and 9 females (39.1%), with an average patient age of 51.5 years (range, 23-75 years). The patients were included based on the following criteria: i) Patients were diagnosed with primary tongue squamous cell carcinoma according to American Joint Committee on Cancer; ii) no prior history of chemotherapy or radiotherapy; and iii) patients underwent radical tumor resection. The peri-tumor tissues were collected from regions 1.5 cm from the tumor. Following dissection, the samples were stored at -80˚C prior to analysis using reverse transcription-quantitative PCR (RT-qPCR). All patients provided written informed consent for the use of their tissues and the study was approved by the ethics committee of the People's Hospital of Tongliang District Chongqing City (Chongqing, China); all procedures were performed in accordance with the Declaration of Helsinki (https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-invol ving-human-subjects/).
Cell culture. The TSCC cell line CAL27 (cat. no. ZQ0606) was obtained from OriGene Technologies, Inc. and the human TSCC cell line Tca-8113 (cat. no. TCHu 77) was purchased from the cell bank of the Type Culture Collection of the Chinese Academy of Sciences. The cells were cultured in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum (both from Thermo Fisher Scientific, Inc.) at 37˚C and 5% CO 2 .
Construction of lncRNA PCAT-1 small hairpin (sh)RNA vectors and transfection. shRNAs targeting PCAT-1 (shRNA-1, 5'-GCTCACGCCTGTA ATCTCA-3'; and sh R NA-2, 5'-GAACCTAACTGGACTTTAA-3') were synthesized by Sangon Biotech Co., Ltd. and inserted into the pRNA-H1.1 plasmid (between BamIII and HindIII) to construct 2 PCAT-1 suppression vectors (shRNA-1 and shRNA-2, respectively). A non-targeting shRNA was employed as a negative control (NC; 5'-GAT CCC CTT CTC CGA ACG TGT CAC GTT TCA AGA GAA CGT GAC ACG TTC GGA GAA TTT TT-3'). Transfections were performed using Lipofectamine ® 2000 (Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol, using 2 µg plasmid. Cells with stable lncRNA PCAT-1 knockdown were selected using 500 µg/ml G418 (Invitrogen; Thermo Fisher Scientific Inc.). Subsequent experiments were conducted 48 h following transfection.
MTT assay. The viability of PCAT-1-knockdown TSCC cells was determined using an MTT assay. Briefly, cells were seeded into a 96-well plate and cultured for 96 h at 37˚C; at 24-h intervals, 5 mg/ml MTT was added to 3 wells from each group, and the cells were incubated for an additional 4 h at room temperature, leading to the formation of a colored precipitate. DMSO was added to the wells to dissolve the purple formazan crystals. The optical density at 490 nm (OD 490 ) was detected using a microplate reader (ELX-800; Biotek Instruments, Inc.).
Flow cytometry detection of apoptosis.
The effects of PCAT-1 knockdown on TSCC cell apoptosis were detected using an Apoptosis Detection kit (cat. no. KGA106; Nanjing KeyGen Biotech Co., Ltd.), using 1x10 5 cells/well, according to the manufacturer's protocol. The apoptotic cells were detected using a FACScan flow cytometer (BD Biosciences) and analyzed using the FlowJo 7.6.1 software (Tree Star, Inc.) The total apoptotic rate was determined as the sum of the late and the early apoptotic rates.
Wound healing assay. The effects of lncRNA PCAT-1 inhibition on cell motility was determined using a wound-healing assay. TSCC cells (2x10 4 cells/well) were seeded in a 24-well plate and reference points were recorded to ensure the acquisition of the identical area for imaging. After culturing for 2 days at 37˚C (5% CO 2 ), the cell monolayers were scratched to generate a cell-free wound and rinsed with PBS to remove cell debris from the wound edges. The cells were incubated in DMEM once more, and the migration distances (as the percentage of gap closure) were measured at 0-, 12-and 24-h time points.
Transwell assay. The effect of lncRNA PCAT-1 inhibition on cell invasion potential was detected using a Transwell assay. TSCC cells (1x10 5 cells/well) suspended in serum-free DMEM were added to the upper chamber of the Transwell inserts (membranes were pre-coated with 40 µl Matrigel for 2 h at 37˚C) and incubated for 2 h at 37˚C; the cells were allowed to penetrate through the porous membrane to the lower chamber [supplemented with 30% FBS (HyClone; Thermo Fisher Scientific Inc.)] for 4 h. After removal of the cells on the upper surface, the cells in the lower chamber were stained with 0.5% (w/v) crystal violet for 5 min at room temperature. Images were captured (magnification, x200) under an inverted light microscope (AE31; Motic) and the number of invaded cells was calculated using Image-Pro Plus software version 6.0 (Media Cybernetics, Inc.).
RT-qPCR.
The total RNA of TSCC cells was extracted using the RNApure High-purity Total RNA Rapid Extraction kit (cat. no. RP1201; BioTeke Corporation) according to the manufacturer's instructions. The cDNA templates were synthesized using Super M-MLV (cat. no. PR6502, BioTeke Corporation) according to the manufacturer's instruction; cDNA synthesis was conducted at 70˚C for 5 min with 1 µl oligo(dT) 15 Western blot analysis. Total protein was extracted from TSCC cells using RIPA lysis buffer (cat. no. P0013B; Beyotime Institute of Biotechnology) and collected by centrifugation at 10,000 x g for 10 min at 4˚C. SDS-PAGE (using a 12% gel) was performed with 40 µg protein/sample. The proteins were transferred to PVDF membranes that were subsequently blocked for 1 h at room temperature using 5% skimmed milk powder. The membranes were then incubated with primary antibodies against p21 (1:500 dilution; cat. no. D153319; Sangon Biotech Co., Ltd.) and β-actin (1:1,000 dilution; cat. no. sc-47778; Santa Cruz Biotechnology, Inc.) at 4˚C overnight, followed by incubation with secondary horseradish peroxidase-conjugated IgG antibodies (1:5,000 dilution; cat. no. A0216 and A0208; Beyotime Institute of Biotechnology) at 37˚C for 45 min. The membranes were developed using ECL Plus reagent (cat. no. P0018; Beyotime Institute of Biotechnology) and the relative expression levels were quantified using the Gel-Pro-Analyzer software version 4.0 (Media Cybernetics, Inc.) with β-actin as the internal reference.
Statistical analysis. The data are presented as the mean ± standard deviation of three replicates. Statistical analyses were performed using SPSS version 19.0 (IBM Corp.). One-way analysis of variance and Duncan's multiple range test were conducted for comparisons between >3 variables. The differences in lncRNA PCAT-1 expression levels between TSCC and peri-tumor tissue groups were analyzed using paired Student's t-test. P<0.05 was considered to indicate a statistically significant difference.
Results
lncRNA PCAT-1 is upregulated in TSCC specimens.
The expression levels of lncRNA PCAT-1 were detected in 23 pairs of TSCC specimens and corresponding peri-tumor tissues using RT-qPCR. As presented in Fig. 1 , the expression levels of lncRNA PCAT-1 were significantly upregulated in tumor tissues compared with those in the peri-tumor tissues. The results demonstrated a possible positive association between lncRNA PCAT-1 expression levels and TSCC progression.
Inhibition of lncRNA PCAT-1 suppresses proliferation and induces apoptosis in TSCC cells. The TSCC cell lines CAL27
and Tca-8113 were transfected with lncRNA PCAT-1-shRNA vectors and the knockdown was confirmed using RT-qPCR (Fig. 2) . MTT and flow cytometry assays were subsequently performed to establish the influence of lncRNA PCAT-1 inhibition on cell proliferation and apoptosis. For each cell line, the OD 490 values of the knockdown groups were significantly lower than those of the NC-transfected groups (Fig. 3A and B) . Furthermore, lncRNA PCAT-1 knockdown resulted in a marked increase in apoptotic rate compared with the NC group ( Fig. 3C and D) . Taken together, these results confirmed that lncRNA PCAT-1 inhibition impaired proliferation and induced apoptosis in TSCC cells. Fig. 4A and B, lncRNA PCAT-1 inhibition reduced the closure of scratch wounds compared with that in the Control and NC groups (Fig. 4A and B) . The differences in the wound-healing rate between lncRNA PCAT-1-knockdown and NC cells were statistically significant (P<0.05; Fig. 4A and B) . The results suggested that lncRNA PCAT-1 inhibition significantly suppressed TSCC cell migration. In addition, Transwell assays indicated that the number of TSCC cells penetrating through the membrane were significantly lower in the knockdown groups compared with those in the control groups (P<0.05; Fig. 5A and B) , demonstrating inhibited invasive potential as a result of lncRNA PCAT-1 inhibition.
Inhibition of lncRNA PCAT-1 reduces the metastatic potential of TSCC cells. As presented in
Inhibitory effect of lncRNA PCAT-1 knockdown in TSCC cells is associated with the upregulation of p21.
The mechanisms associated with the inhibitory effect of lncRNA PCAT-1-knockdown were further investigated by focusing on its influence on p21 expression level. Following the inhibition of lncRNA PCAT-1, the expression level of p21 was upregulated in both TSCC cell lines (Fig. 6) . Given the well-documented anti-tumor effect of p21 (20) (21) (22) , the anti-TSCC effect of lncRNA PCAT-1-knockdown may be associated with the activation of p21 signaling.
Discussion
In the past 5 years, TSCC has become the most common type of oral cancer (23) . The incidence and mortality rates associated with TSCC have been steadily increasing, and patients with TSCC currently account for one third of all oral cancer cases worldwide. Furthermore, TSCC is one of the most aggressive subtypes of oral cancer and in spite of the rapid progression in diagnostic and therapeutic strategies, the 5-year survival rate has remained unchanged (27) . Therefore, it is necessary to explore novel targets for the development of additional anti-TSCC therapies.
Advancements in sequencing techniques have resulted in the identification of multiple cancer-associated lncRNAs in TSCC (25) , and lncRNA-PPP2R4-5, SPRR2D-1, MAN1A2-1 and FAM46A-1 have been reported to be dysregulated in TSCC (25) . In light of previous findings, the present study explored the role of lncRNA PCAT-1 on the growth and metastatic potential of TSCC. Furthermore, given the fact that lncRNA PCAT-1 is known to inhibit expression of the anti-tumor protein p21, the present study also explored the downstream pathway mediating its function, focusing on its interaction with p21. The results demonstrated that the expression of lncRNA PCAT-1 was upregulated in clinical TSCC samples, and that the inhibition of this lncRNA in TSCC cell lines impaired proliferation, induced apoptosis and suppressed metastatic and invasive potential. Regarding the downstream mechanisms at the molecular level, knockdown of PCAT-1 resulted in the upregulation of p21, indicating that these inhibitory effects on TSCC cells are, at least in part associated with the activation of p21 and downstream pathways.
The gene encoding lncRNA PCAT-1 is located on chromosome 8q24, and it was originally identified as a biomarker for prostate cancer (15) . Subsequently, altered expression levels of lncRNA PCAT-1 were also reported in other cancer types; Shi et al (18) reported that the upregulation of lncRNA PCAT-1 was associated with the development of esophageal squamous cell carcinoma. A study by Qiao et al (19) reported that inhibition of lncRNA PCAT-1 impaired the multidrug resistance and aggressiveness of colorectal cancer cells. Given the involvement of lncRNA PCAT-1 in the genesis of various different cancer types, and the results of current clinical investigations with TSCC samples, the present study hypothesized that lncRNA PCAT-1 may also contribute to the onset and progression of TSCC. The results of the present study have supported this hypothesis, where inhibition of lncRNA PCAT-1 not only reduced cell growth and induced apoptosis in TSCC cells, but also suppressed the metastatic and invasive potential of these cells. The effects of lncRNA PCAT-1 inhibition demonstrated the critical function of this lncRNA in maintaining the normal biological characteristics of TSCC cells. They also inferred that this inhibition may represent a promising strategy for the development of anti-TSCC therapies.
Apart from determining the role of lncRNA PCAT-1 in the progression of TSCC, the present study also attempted to elucidate its mechanism. Therefore, the expression levels of p21 in TSCC PCAT-1-knockdown cells were examined. It was revealed that the expression levels of p21 were significantly upregulated following lncRNA PCAT-1 inhibition. The results were consistent with the previously reported effect of lncRNA PCAT-1, acting as an oncogene by reducing p21 expression levels (20) . p21 is one of the most important cyclin-dependent kinases and regulates cell cycle transition from the G 1 to the S phase (28) . A previous study by Zhang et al (29) demonstrated that downregulation of p21 was closely associated with poor prognosis in patients with TSCC. Collectively, this indicates that the inhibitory effect of lncRNA PCAT-1 knockdown in TSCC is, at least in part associated with the induction of p21 expression.
The results of the present study indicated that lncRNA PCAT-1 is overexpressed in TSCC specimens, and that its inhibition impairs the growth, metastasis and invasiveness of TSCC, whilst inducing apoptosis. Furthermore, the inhibitory effect of lncRNA PCAT-1 knockdown on TSCC cells was associated with the upregulation of p21, indicating an interaction between lncRNA PCAT-1 and p21 signaling during the progression of TSCC. However, the present results only provide a preliminary evaluation of the mechanism by which lncRNA PCAT-1 acts in the genesis and progression of TSCC. Due to the original experimental design, the clinicopathological information of some patients was not collected, thus analyzing the potential of lncRNA PCAT-1 in predicating the progression of TSCC was not possible. To fully explain the role of lncRNA PCAT-1 in the oncogenesis of tongue tissues, more comprehensive studies with complete patient information and modulation of the downstream effectors of lncRNA PCAT-1 are required, which may aid the development of lncRNA PCAT-1-based anti-TSCC therapies.
